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Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1. |^\| This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

2. 1^ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

3. ^1 This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 

examination until the expiration of the applicable time hmit set in 35 U.S.C. 371(b) and PCX Articles 22 and 39 (1). 

4. 1^ The US has been elected by the expiration of 19 months from the priority date (Article 31). 

5. 1^ A copy of the International Application as filed (35 U.S.C. 371(c)(2)) 

a. is transmitted herewith (required only if not transmitted by the International Bureau). (WO 01/20955) 

b. has been transmitted by the International Bureau. 

c. Q is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. I I is transmitted herewith. 

b. has been previously submitted under 35 U.S.C. 154(d)(4) 

7. ^ Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)). 

a. are transmitted herewith (required only if not transmitted by the International Bureau). 

b. have been transmitted by the International Bureau. 

c. I I have not been made; however, the time limit for making such amendments has NOT expired. 

d. ^] have not been made and will not be made. 

8. An English language translation of the amendments to the claims imder PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. O' An oath or declaration of the invcntor(s) (35 U.S.C. 371(c)(4)). 

10. 1^ An English language translation of the aimexes of the International Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371(c)(5)). 

Items 11. to 20. below concern document(s) or information included: 

11. ^ An Information Disclosure Statement under 37 CFR 1.97 and 1.98, Form PTO-1449(s), and International Search Report 
(PCT/ISA/210) with 0 document(s). 

An assignment docimient for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 
A FIRST preliminary amendment. 
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21. |_ 1 The following tees are submitted 

BASIC NATIONAL FEE (37 CFR 1.492(a)(l)-(5): 

Neither intertiational preliminary examination fee (37 CFR 1 .482) 
nor international search fee (37 CFR I 445(a)(2)) paid to USPTO 

and Fnternalional Search Report not prepared by the EPO or JPO .... .. . $1,040.00 

International prelimmary examination fee (37 CFR 1.482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO . . $890.00 

International preliminary examination fee (37 CFR 1 482) not paid to USPTO 
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International preliminary examination fee (37 CFR 1.482) paid to USPTO 

but all claims did not satisfy provistons of PCT Article 33(I)-(4) . . . $710.00 

International preliminary examination fee (37 CFR 1 482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(1 )-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT - 


CALCULATIONS PTO USE ONLY 




$ 0.00 




Surcharge of $130.00 for furnishing the oath or declaration later than □ 20 |XI 30 
months from the earliest claimed priority date (37 CFR 1 492(e)) 


$ 130.00 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 




Total Claims 


24 - 24 = 


0 


X $18.00 


$ 0.00 




Independent Claims 


3 - 3 = 


0 


X $84.00 


$ 0.00 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) None 


+ $280.00 


$ 0.00 




TOTAL OF ABOVE CALCULATIONS = 


$ 130.00 




IX] Applicant claims small entity status. Sec 37 CFR I 27 The fees indicated above are 
reduced by 1/2. 


$ 65.00 




SUBTOTAL = 


$ 65.00 




Processing fee of $130.00 for furnishing the English translation later than ^20 ^30 
months from the earliest claimed priority date (37 CFR 1 492(f)). + 


$ 0.00 




TOTAL NATIONAL FEE = 


$ 65.00 




Fee'for recording the enclosed assignment (37 CFR 1 .21(h)) The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3 28, 3 3 1) $40.00 per property + 


$ 40.00 




TOTAL FEES ENCLOSED = 


$ 105.00 






Amount to be: 
refunded 


$ 


charged 


$ 



to cover the above fees 



a. ^ A check in the amount of $105.00 to cover the above fees is enclosed. 

b. □ Please charge my Deposit Account No. in the amount of $_ 

A duplicate copy of this sheet is enclosed. 

c. 13 The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account No. 02-2448 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been rn 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

Send all correspondence to 

Birch, Stewart, Kolasch & Birch, LLP or Customer No. 2292 
P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 

Date: April 30, 2002 
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U.S. APPLICATION NO (,f knowTi, sec 37 CFR 1 5) INTERNATIONAL APPLICATION NO ATTORNEY'S DOCKE r NUMBER 

iin/fY'7n7A5 PCT/IE00/00106 1817-0123P 


21. DKI The following fees are submitted 

BASIC NATIONAL FEE (37 CFR 1.492(a)(l)-(5): 

Neither international preliminary examination fee (37 CFR 1.482) 

nor international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1,040.00 

International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $890.00 

International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 

International preliminary examination fee (37 CFR 1 .482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $710.00 

International preliminary examination fee (37 CFR 1.482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(1 )-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 


CALCULATIONS PTO USE ONLY 




$ 890.00 




Surcharge of $130.00 for furnishing the oath or declaration later than | | 20 CX] 30 

months from the earliest claimed priority date (37 CFR 1 .492(e)). 


$ 130.00 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 




Total Claims 


24 - 20 = 


4 


X $18.00 


$ 72.00 




Independent Claims 


2 - 3 = 


0 


X $84.00 


$ 0.00 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) None 


+ $280.00 


$ 0.00 




TOTAL OF ABOVE CALCULATIONS = 


$ 1,092.00 




IXI Applicant claims small entity status. See 37 CFR 1.27. The fees indicated above are 
reduced by 1/2. 


$ -546.00 




SUBTOTAL = 


$ 546.00 




Processing Ice oF$130.00 for furnishing the English translation later than ^20 030 
months from the earliest claimed priority date (37 CFR 1 .492(f)). + 


$ 0.00 




TOTAL NATIONAL FEE = 


$ 546.00 




Fee for recording the enclosed assignment (37 CFR 1 .21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1). $40.00 per property + 


$ 0.00 




TOTAL FEES ENCLOSED = 


$ 546.00 






Amount to be: 
refunded 


$ 


charged 


$ 



a. 13 A check in the amount of $ 546.00 to cover the above fees is enclosed. 



b. O Please charge my Deposit Account. No. in the amount of $ to cover the above fees. 

A duplicate copy of this sheet is enclosed. 

c. 13 The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account No. 02-2448 . 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

Send all correspondence to 

Birch, Stewart, Koiasch & Birch, LLP or Customer No. 2292 
P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 

Date: March 12, 2002 
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PATENT 
1817-123P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 



Applicant : 



YOUNG, George 



Int ' 1 . Appl . No . : 



PCT/lEOO/00106 



Appl . No . : 



New 



Group : 



Filed: 



March 12, 2002 



Examiner : 



For : 



A PRINTED CIRCUIT BOARD ASSEMBLY 



PRELIMINARY AMENDMENT 



BOX PATENT APPLICATION 

Assistant Commissioner for Patents ■ March 12, 2002 

Washington, DC 20231 

Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above- identified 
application. 



IN THE SPECIFICATION: 

Please amend the specification as follows: 

Before line 1, insert --This application is the national 
phase under 35 U.S.C. § 371 of PCT International Application No. 
PCT/IEOO/00106 which has an International filing date of 
September 13, 2000, which designated the United States of 
America . - - 



AMENDMENTS 



Docket No. 1817-123P 

IN THE CLAIMS : 

Please amend the claims as follows: 

4. (Amended) A PCB (1) as claimed in claim 2, in which the 
heat conductive coupling material (6) is housed within at least 
one of the components (3,4) . 

5. (Amended) A PCB (1) as claimed in claim 2, in which the 
heat conductive coupling material (6) forms tracks on the board 
(2) . 

6. (Amended) A PCB (1)" as claimed in claim 2, in which the 
heat conductive coupling material (6) forms pads on the board 
(2) . 

7. (Amended) A PCB (1) as claimed in claim 2, in which the 
heat conductive coupling material (6) forms thermal vias (19) 
with one component (3) on one side of the board (2) and the other 
component (4) on the opposite side. 

8. (Amended) A PCB (1) as claimed in claim 2, in which the 
heat conductive coupling material (6) is a conformable thermally- 
conductive material. 



Docket No. 1817-123P 

9. (Amended) A PCB (1) as claimed in claim 1, in which the 
components (3, 4) are in close physical proximity with minimal 
air gap between them. 

10. (Amended) A PCB (1) as claimed in claim 1, in which the 
heat generating component (3) is housed at least partially within 
the heat dissipating component (4) . 

11. (Amended) A PCB (1) as claimed in claim 1, in which the 
heat dissipating component (4) is mounted above the heat 
generating component (3) . 

12. (Amended) A PCB (1) as claimed in claim 1, in which -the 
heat dissipating component (4) is a magnetic component. 

15. (Amended) A PCB (1) as claimed in claim 13, in which the 
surface mount PCB (16) forms part of a power converter comprising 
power semi-conductors on the board (2) below the surface mount 
PCB (16) . 

17. (Amended) A PCB (1) as claimed in claim 1, in which the 
heat dissipating component (4) is thermally linked to more than 
one heat generating component (3) . 

18. (Amended) A PCB (1) as claimed in claim 1, in which the 
heat generating component (3) is thermally linked to more than 
one heat dissipating component (4) . 

3 
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19. (Amended) A PCB (1) as claimed in claim 17, in which 
when the heat generating and dissipating components (3, 4) have 
different thermal attributes over the PCB (1) operating range, 
the choice of components (3, 4) for thermal linking is chosen to 
provide optimum heat transfer over the PCB (1) Operating range. 

22 . (Amended) A power converter comprising the magnetic 
element as claimed in claim 20 and power semi-conductor elements 
on the PCB assembly (1) . 
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REMARKS 



The specification has been amended to provide a cross- 
reference to the previously filed International Application. 

The claims have been amended to remove multiple 
dependencies . 

Entry of the above amendments is earnestly solicited. An 
early and favorable first action on the merits is earnestly 
solicited . 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 3 7 C.F.R. , § 1.16 or under 3 7 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




P.O. Box 74 7 
Falls Church, VA 22040-0747 
(703) 205-8000 



JMS/rem 
1817-123P 



Attachment : 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 



(Rev. 02/21/02) 
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Docket No. 1817-123P 
VERSION WITH MARKINGS TO SHOW CHANGES MADE 
The specification has been amended to provide a cross- 
reference to the previously filed International Application. 

IN THE CLAIMS :' 

The claims have been amended as follows: 

4. (Amended) A PCB (1) as claimed in claim 2 [or 3] , in 
which the heat conductive coupling material (6) is housed within 
at least one of the components (3,4). 

5. (Amended) A PCB (1) as claimed in [any of claims 2 to 4] 
claim 2 , in which the heat conductive coupling material (6) forms 
tracks on the board (2) . 

6. (Amended) A PCB (1) as claimed in [any of claims 2 to 5] 
claim 2 , in which the heat conductive coupling material (6) forms 
pads on the board (2) . 

7. (Amended) A PCB (1) as claimed in [any of claims 2 to 6] 
claim 2 , in which the heat conductive coupling material (6) forms 
thermal vias (19) with one component (3) on one side of the board 
(2) and the other component (4) on the opposite side. 

8. (Amended) A PCB (1) as claimed in [any of claims 2 to 7] 
claim 2 , in which the heat conductive coupling material (6) is a 
conformable thermally conductive material. 

6 
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9. (Amended) A PCB (1) as claimed in [any preceding claim] 
claim 1 , in which the components (3, 4) are in close physical 
proximity with minimal air gap between them. 

10. (Amended) A PCB (1) as claimed in [any preceding claim] 
claim 1 , in which the heat generating component (3) is housed at 
least partially within the heat dissipating component (4) . 

11. (Amended) A PCB (1) as claimed in [any preceding claim] 
claim 1 , in which the heat dissipating component (4) is mounted 
above the heat generating component (3) . 

12. (Amended) A PCB (1) as claimed in [any preceding claim] 
claim 1 , ' in which the heat dissipating component (4) is a 
magnetic component. 

15. (Amended) A PCB (1) as claimed in claim 13 [or 14], in 
which the surface mount PCB (16) forms part of a power converter 
comprising power semi-conductors on the board (2) below the 
surface mount PCB (16) . 

17. (Amended) A PCB (1) as claimed in [any preceding claim] 
claim 1 , in which the heat dissipating component (4) is thermally 
linked to more than one heat generating component (3) . 
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18. (Amended) A PCB (1) as claimed in [any preceding claim] 
claim 1 , in which the heat generating component (3) is thermally 
linked to more than one heat dissipating component (4) . 

19. (Amended) A PCB (1) as claimed in claim 17 [or 18], in 

which when the heat generating and dissipating components (3, 4) 
have different thermal attributes over the PCB (1) operating 
range, the choice of components (3, 4) for thermal linking is 
chosen to provide optimum heat transfer over the PCB (1) 
Operating range. 



22 . (Amended) A power converter comprising the magnetic 
element as claimed in claim 2 0 [or 21] and power semi-conductor 
elements on the PCB assembly (1) . 
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PATENT 
1817-123P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 



Applicant : 



YOUNG, George- 



Inf 1. Appl. No.,: 



PCT/lEOO/00106 



Appl . No . : 



10/070, 742 



Group : 



Filed: 



March 12, 2002 



Examiner : 



For: 



A PRINTED CIRCUIT BOARD ASSEMBLY 



SUPPLEMENTAL PRELIMINARY AMENDMENT 



BOX: NO FEE AMENDMENT 

Assistant Commissioner for Patents April 30, 2002 

Washington, DC 2 0231 

Sir: 

The following supplemental Preliminary Amendments and 
Remarks are respectfully submitted in connection with the above- 
identified application. 



IN THE CLAIMS : 

Pleas.e cancel claims 1-24 without prejudice or disclaimer of 
the subject matter contained therein and substitute the following 
set of claims : 

25. A printed circuit board (PCB) assembly comprising: 



AMENDMENTS 



a plurality of components in said PCB assembly having 
two sets of different thermal properties over an 
operating range of said PCB assembly; 



a first component set having heat generating 
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properties ; 

a second component set. having heat dissipating and/or 
magnetic properties; 

means for thermally linking said first component set to 
said second component set whereby heat generated by at 
least one component from said first component set is 
dissipated by at least one component from said second 
component set . 

26. The PCB as claimed in claim 25 wherein the thermally linking 
means comprises a heat conductive coupling material to 
couple at least one component from said first component set 
to at least one component from said second component set . 

27. The PCB as claimed in claim 26, in which said heat 
conductive coupling material is in direct contact with one 
of said components. 

28. The PCB as claimed in claim 26, in which said heat 
conductive coupling material is housed within at least one 
of said components. 

29. The PCB as claimed in claim 26, in which said heat 
conductive coupling material forms tracks on said board. 

30. The PCB as claimed in claim 26, in which said heat 
conductive coupling material forms pads on said board. 

31. The PCB as claimed in claim 26,, in which said heat 
conductive coupling material forms thermal vias with one 
component on one side of said board and said other component 
on the opposite side. 

2 
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32. The PCB as claimed in claim 26, in which said heat 
conductive coupling material 'is a conformable thermally 
conductive material : 

33. The PCB as claimed in claim 25, in which said components are 
in close physical proximity with minimal air gap between 
them. 

34. The PCB as claimed in claim 25, in which said heat- 
generating component is housed at least partially within 
said heat -dissipating component. 

35. The PCB as claimed in claim 25, in which said, heat 
dissipating component is mounted above the heat generating 
component . 

36. The PCB as claimed in claim 25, in which a magnetic 
component from said second component set is a separate 
magnetic surface mount PCB carrying plug- in interconnect 
legs for mounting on said board. 

37. The PGR as claimed in claim 36, in which said surface mount 
PCB is a multilayer circuit board. 

38. The PCB as claimed in claim 36, in which said surface mount 
PCB forms part of a power converter comprising power semi- 
conductors on said board below said surface mount PCB and in 
which a layer of conformable thermally conductive material 
fills the space between the bottom of said surface mount PCB 
and said power semi-conductors. 

39. The PCB as claimed in claim 25, in which said heat- 
dissipating component is thermally linked to more than one 
heat -generating component. 
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40. The PCB as claimed in claim 25, in which said heat- 
generating component is thermally linked to more than one 
heat-dissipating component. . 

41. The PCB as claimed in claim 25, in which when said heat 
generating and said dissipating components have different 
thermal attributes over said PCB operating range, the choice 
of components for thermal linking is chosen to provide 
optimum heat transfer over said PCB operating range. 

42. A printed circuit board (PCB) assembly comprising: 

a plurality of components in said PCB assembly having 
two sets of different thermal properties over an 
operating range of said PCB assembly; 

a first component set having heat generating 
properties ; 

a second component set having heat dissipating and/or 
magnetic . properties , at least one component comprising 
a magnetic element having a separate magnetic element 
. , surface mount PCB carrying plug- in legs for mounting on 
said board of said PCB assembly; 

means for thermally linking said first component set to 
said second component set whereby heat generated by at 
least one component from said first component set is 
dissipated by at least one component from said second 
component set . 

43. The PCB as claimed in claim 42 wherein the thermally linking 
means comprises a heat conductive coupling material to 
couple at least one component from said first component set 
to at least one component from said second component set. 
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44. The PCB as claimed in claim "42, in which said magnetic 
element surface mount PCB is. a multilayer circuit board. 

45. A power converter having a printed circuit board (PCB) 
assembly comprising: 

a plurality of power semi-conductor components in said 
PCB assembly having two sets of different thermal 
properties over an operating range of several PCB 
assembly; 

a first component set having heat generating 
properties ; 

a second component set having heat dissipating and/or 
magnetic properties, at least one component comprising 
a magnetic element having a separate magnetic element 
surface mount PCT carrying plug- in legs for mounting on 
said board of said PCB assembly; 

means for thermally linking said first component set to 
said second component set whereby heat generated by at 
. least one component from said first component set is 
dissipated by at least one component from said second 
component set . 

46. The power converter as claimed in claim 45 wherein the 
thermally linking means comprises a heat conductive coupling 
material to couple at least one component from said first 
component set to at least one component from said second 
component set . 

47. The power converter as claimed in claim 45, in which said 
surface mount PCB is arranged above said semi-conductor 
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elements. 

48. The power converter as claimed in claim 45, in which a layer 
of conformable thermally conductive material fills the space 
between the bottom of said surface mount PCB and said power 
semi - conductors . 
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remarks " 

Entry of the above amendments is earnestly solicited. An 
early and favorable first action on the merits is earnestly 
solicited . 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




P.O. Box 74 7 

JMS/slb Falls Church, -VA 22040-0747 

1817-123P (703) 205-8000 
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"A Printed Circuit Board Assembly" 

Introduction 

The present inventron relates to a printed circuit board (PCB) assembly of the type 
comprising a plurality of components having different thermal attributes, namely, of 
different relative heat generating and heat dissipating properties over the operating 
range of the PCB. Further, the invention is particularly directed to the provision of 
PCBs for power conversion use, whether they be for DC to DC or AC to DC power 
converters. 



The majority of power conversion products manufactured today use through-hole 
mounted components on a PCB with thermal management of the main power 
dissipating elements achieved either using small heatsinks for individual devices or 
groups of devices, or using a thermal-conductive mechanical assembly to couple such 
heat dissipating elements to an external heatsink. This construction technique Is not 
compatible with modem automated manufacturing techniques and is not efficient in the 
context of volumetric efficiency, with a relatively large volume occupied by power 
dissipating elements and their heatsinktng arrangements. 

In more recent Implementations, as available in many comriiercial DC^DC medium 
power converters (up to 100W typically), the windings are Integrated into a single 
multilayer printed circuit board along with the power devices. Such DC-DC converters 
using integrated planar magnetics are manufactured by Philips or by Synqor Inc. which 
latter company sells such a converter under the Trade Marik PowerQor™. Typical 
examples of the terminal coupling for such multilayer printed circuit boards to metallic 
stnjctures are described in US Patent Specification Nos. 5973923 (Jitam) and 
5990776 (Jitaru). This single board construction technique is very practical for such 
medium-power DC-DC converters, and one element of the invention relates to' 
techniques for improving heat management within such modules and in their mounting 
arrangements These modules up to recentiy favoured the use of enclosed 
constructions with the main heat-dissipation elements closely thermally coupled to a 
base plate, on which a heatsink could be mounted. In many cases, potting In a 
thenmally-conductive material can be used, fjut this approach is costiy, may raise 
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environmental issues, prevents rework, and can cause stress on components even if a 
barrier layer is used. Recent practice has begun to favour the use of the single-board 
open frame construction, facilitated by use of semiconductor devices which can give 
high operating efficiency, and operating without an external heatsink. This practice 
5 makes thermal management within the module and to its environment more critical. 

The single-board construction approach requires, however, an excessive area in the 
case of medium-power converters, particularly in the case of AC-DC converters where 
the minimum height is effectively determined by items such as electrolytic capacitors 

1 0 which must store energy during the low-voltage parts of the incoming AC waveform. 
As a result, such converters using the single-board multilayer approach will have poor 
volumetric efficiency, unless of course several lower power sub-modules are stacked 
in order to fit within the height constraints imposed by the electrolytic capacitor or a 
similar bulky element. This approach, however, adds to cost, as switching stages 

1 5 need to be replicated in each module and there is a cost associated with mounting and 
connecting the sut)-modules. as well as the thermal management issues associated 
with a stack of converter sub-modules as part of an overall power conversion module. 

The heat generation of any particular component in. for example, a PCB forming part 
20 of a power converter, will vary depending on the operating conditions of the power 
converter module. Typically, components in which conduction losses dominate will 
generate more heat at lower input voltage within the specified range, while 
components in which switching loss or magnetic core loss dominates may generate 
higher losses at higher input voltages. Thus, the temn "heat generating" or "heat 
25 dissipating" when referring to the themnal attributes, capacities or properties of a 
particular component and similarly the qualifications high and low of such terms, refers 
not to the absolute heat generating or heat dissipating property or ability but simply to 
its property in that actual specific situation. The heat dissipation property of a 
component depends largely on its inherent physical make-up. Thus, large bulky 
3 0 metallic components with exposed surfaces will dissipate more heat than those smaller 
compact components low conductivity materials. 

As the designs become more efficient, the operating temperature under which the 
components operate becomes more critical. While many of the approaches discussed 
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above and many of the techniques such as, for exannple, the use of heatsinks such as 
described in US Patent Specification No. 5075821 (Donnel). appreciate the need to 
dissipate the heat from some of the components with high heat generating capacity, 
not enough attention has been paid heretofore to the need to operate the magnetic 
5 elements, whether they be conventional magnetic elements or planar magnetic 
elements at the optimum temperatures, indeed, many of the ferrite materials used in 
magnetic elements are often optimised for operation at approximately 100°C and thus, 
under typical ambient temperature and airflow conditions, the magnetic elements are 
not operating at the ideal temperature. Many of the power conversion modules of the 
1 0 prior art may cool the semi-conductor power components sufficiently but unfortunately 
do not operate with the magnetic components at the optimum temperature. 

The present invention is directed towards overcoming these and other problems with 
the prior art and in particular to providing an improved construction of PCB and in 
15 particular an improved construction of PCB for use for power converter elements and 
also to the provision of an efficient magnetic element for use with such PCBs. 

Statements of Invention 

2 0 According to the invention, there is provided a PCB assembly of the type comprising a 
plurality of components having different thermal attributes, namely, of different 
relative heating generating and heat dissipating properties over the operating 
range of the PCB wherein at least one high heat generating component is 
thermally linked to a high heat dissipating component. In this way, there is an 

25 active management of the thermal properties or generation of the PCB which can 
be particularly effective in power conversion units. The PCB no longer relies on, 
for example, heatsinks or the like which may be used to dissipate the heat from 
high heat generating components but utilises the heat dissipating properties of the 
high heat dissipating components. 

30 

Preferably, the components are thermally linked by a heat conductive coupling 
material which may, for example, be in direct contact with one or both of the 
components. Such heat conductive coupling material can be housed within at 
least one of the components. It will be appreciated that the advantage of this is 
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that further heat dissipation will be achieved. 

The heat conductive coupling material may form additional tracks on the board or 
additional pads and may form thermal vias with one component on one side of the 
5 board and the other components on the opposite side. These would be additional 
heat conductive tracks or pads, for example, of copper, over and above those 
used for the conduction of electrical signals. Additionally, a conformable thermally 
conductive material especially an electrically insulating one can be particularly 
useful with some components, particularly with non-planar surfaces. Indeed. 
10 electrical conductors could be made larger than necessary in certain situations to 
utilise the heat dissipating properties of them. 

Ideally, the components are in dose physical proximity with minimal air between them 
and in one embodiment of the invention, the heat generating component is housed at 
15 least partially within the heat dissipating component. Alternatively, the heat dissipating 
component can be mounted above the heat generating component which heat 
dissipating component can be a magnetic component. It will be appreciated that the 
great advantage for the magnetic component is that it is now receiving heat and being 
heated to allow the ferrlte approach optimum thermal operating conditions. 

20 

In one embodiment of the invention, the magnetic element is a separate magnetic 
surface mount PCB carrying plug-in legs for mounting on the PCB. This surface 
mount PCB may be a multilayer circuit board. This latter surface mount PCB may fomn 
part of a power converter comprising power semi-conductors on the PCB below the 
2 5 surface mount PCB. 

in this latter embodiment, preferably a layer of confomnable thermally conductive 
matenal fills the space between the bottom of the surface mount PCB and the power 
semi-conductors . 

30 

It will be appreciated that ideally the heat dissipating component is thermally linked 
to more than one heat generating component or indeed more than one heat 
generating component is thermally linked to more than one heat dissipating 
component. When the heat generating and dissipating components have different 
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thermal attributes over the PCB operating range, the choice of components for 
thermal linking is chosen to provide optimum heat transfer over the PCB operating 
range. Thus, it is possible that the two different heat generating components 
would be connected to the one heat dissipating component which heat dissipating 
5 component would not, in fact, over the total range of the operation of the PCB, 
experience any great fluctuation in the amount of heat transmitted thereto for 
subsequent dissipation. 

Further, the invention provides a magnetic element for use with a base PCB 
1 0 comprising a separate magnetics element surface mount PCB carrying plug-in legs for 
mounting on the base PCB. 

In this latter element, the surface mount PCB is a multilayer circuit board. 

15 Further, the invention provides a power converter comprising one of these latter 
magnetic elements and power semi-conductor elements on the base PCB which 
preferably are so arranged that the surface mount PCB is above the power semi- 
conductors. 

20 In this latter power converter, ideally a layer of conformable thermally conductive 
material fills the space between the bottom of the surface mount PCB and the 
power semi-conductors. 

Detailed Description of the Invention 

25 

The invention will be more clearly understood from the following description of 
some embodiments thereof, given by way of example only, with reference to the 
accompanying drawings, in which:- 

30 Fig. 1 is a plan view of a DC-DC power converter of single PCB board 

construction, 

Fig. 2 is a cross sectional view in the direction of the arrows 11-11 of Fig. 1, 
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Fig. 3 is a plan view of a heat coupler according to the invention in an E- 
core; 



Fig. 4 is a side view of the heat coupler of Fig. 3, 

5 

Fig. 5 is a sectional view of a magnetic element surface mount PCB 
according to the invention mounted on a base PCB. 

Fig. 6 is a plan view of a partially assembled PCB with power semi- 
10 conductor components mounted thereon. 

Fig. 7 is a sectional view of the PCB of Fig. 6 showing in section a 
magnetic component mounted thereon, 

15 Fig. 8 shows another construction of surface mount PCB according to the 

invention, 

Fig. 9 shows a magnetic component according to the invention, and 

20 Fig. 10 illustrates another construction of surface mount PCB according to 

the invention. 

Referring to the drawings and initially to Figs. 1 and 2. there is provided a DC-DC 
power converter module in the form of a PCB assembly 1 comprising a single layer 

25 2 mounting power semi-conductor elements forming high heat generating 
components 3 and vanous cores of magnetic material forming heat dissipating 
components 4. The heat generating components 3 are thermally linked to the 
heat dissipating components 4 by tracks of a heat conductive coupling material 6. 
In this embodiment, the tracks 6 actually project into one of the heat dissipating 

30 components 4 and lie above or below each of the heat generating components 3 
but are electrically insulated therefrom. Suitable insulating materials are used. 

Referring to Figs. 3 and 4, there is illustrated a heat coupler, indicated generally by 
the reference numeral 10. having a base portion 11 and tines 12. The base 
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portion 11 is crani<ed so as to be coupled thermally closely to a suitable heat 
generating component by overlying it. but not necessarily touching it, or, if 
touching it, being insulated therefrom. The tines 12 would then be allowed, for 
example, to proiect into the core of a magnetic device, for example, an E-shape 
5 core, shown in section and identified by the reference numeral J 3. The heat 
coupler 10 may be a metallic stamping, for example, copper strip, so as to allow 
the heat to transfer laterally from the heat generating component 3 to the heat 
dissipating components 4. 

10 Referring now to Fig. 5, parts similar to those described with reference to the 
previous drawings are identified by the same reference numerals. In this 
embodiment, the PCB board 2 has mounted on it by conventional board 
interconnect legs 15, a heat dissipating component formed from a separate 
magnetic surface mount PCB 16 mounting planar ferrite magnetic cores 17. A 

15 thermal interface sheet 18 is interposed between the magnetic core 17 and the 
PCB 2. Thermal vias 19 interconnect the thermal interface sheet 18 with the heat 
generating components 3, in this case, power semiconductor elements. The 
thermal vias 19 will be filled with a suitable heat conductive coupling material and 
similariy so will the thermal interface sheet 18 be manufactured from such a 

20 material. The surface mount PCB 16 is a multilayer printed circuit board. 



Referring now to Figs. 6 and 7, parts similar to those described with reference to 
the previous drawings are identified by the same reference numerals. In this 
embodiment, there is illustrated a heat dissipating component formed from a 
25 magnetic core 20 within which are housed heat generating components 3. A 
thermal connector 21 is also provided to ensure that the high heat generating 
components 3 are thermally linked to the high heat dissipating components, 
namely, the magnetic core 20. 

30 Referring now to Fig 8, parts similar to those described with reference to the 
previous drawings are identified by the same reference nunnerals. In this 
embodiment, the surface mount PCB 16 has mounted thereon a plurality of heat 
generating components 3 and a heat dissipating component formed from the 
magnetic core 17. Thermal connectors formed again from tracks of thermally 
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conductive coupling material 6 are provided. This surface mount PCB 16 could 
effectively be a whole power converter which can then be readily easily mounted 
on the PCB assembly 1 which effectively forms a base PCB and removed 
therefrom when maintenance is required. 

5 

Refemng now to Fig. 9. it will be appreciated that obviously heat transfer from one 
face of a core of magnetic material to the other face of the core magnetic material 
may be achieved by close alignment of mating surfaces of the magnetic material 
and the use of appropriate adhesives. As will be appreciated, gaps may be 
10 required in the case of inductors and transfonners carrying a DC bias current. 

Fig. 9 illustrates such a core, of magnetic material 30 in which a gap is filled with a 
heat conductive coupling material, almost certainly a conformable material 31. In 
this embodiment, the surface mount PCB 16 is a multilayer circuit board which, it 
15 will be seen, is mounted above the power generating components 3. 

Fig. 10 illustrates an alternative PCB assembly indicated generally by the 
reference numeral 40. in which parts similar to those described with reference to 
the previous drawings are identified by the same reference numerals. In this 
2 0 embodiment, the surface mount PCB 16 again mounts the planar fenite magnetic 
core now directly over the heat generating components 3 or the PCB 2. 

It will be appreciated that the heat generating and heat dissipating components 
can be linked without necessarily touching. Simply placing them together or one 

25 within the other, as illustrated in the drawings, will be sufficient to have good heat 
conductive coupling. Obviously, the use of any form of heat conductive coupling 
material is advantageous and in many instances, with uneven and irregular 
surfaces and components, a conformable heat conductive material will be 
particulariy useful. One particular form of conformable thermally conductive but 

30 electrically insulating material is that sold under the trade mark GapPad by 
Bergquist Corporation. Close alignment of components and the con-ect choosing 
of components is all important. 

Current ferrite materials have a thermal conductivity of the order of 5 Wm-1 K-1. 
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in a typical 100W converter module using two E22 corers with a total face in 
contact with the printed circuit board on one side of 320mm2 and a material 
thickness of 2.5mm. the thermal impedance is about 2KAA/ per face. With a 
typical dissipation of about 10W, the opportunity for achieving very effective 
5 cooling of the relatively small power semiconductor devices by using the ferrite 
material as a heat transmission medium to an external heat dissipation surface is 
evident. 

Various other forms of thermal conductivity can be used such as base plates, 
10 heatsinks, etc. as shown in the prior art, however, they do not form any essential 
elements to the present invention. The arrangement according to the present 
invention, allows the magnetic elements to be the main heat transfer devices from 
the power semi-conductor elements. 

15 In the case of a large class of converter modules, typically those with AC input, the 
practical height is determined by energy storage elements such as electrolytic 
capacitors. There is a corresponding restriction on the area or "footprint" which 
can be taken up by the power conversion module. In this case, it may no longer 
be advantageous on grounds of cost or volumetric efficiency to use a construction 

20 technique where the magnetic elements are integrated within a single multilayer 
board construction. 

In this case, it is advantageous to have a base printed circuit board such as 
illustrated in Fig. 10 in which the power semi-conductor devices are mounted 

25 below the magnetic core and use thermal vias to spread the heat within the board 
and/or to conduct heat to the lower face of the board. The layer count in this 
board can be two or four, considerably cheaper than the higher layer counts 
typically used in the case of planar magnetic in-board winding implementations. A 
low-profile implementation of the magnetic elements, with windings implemented 

30 as printed circuit boards or in another low-profile implementation and passing 
through the window area, may then be mounted over the base pnnted circuit board 
in the module. To assist rework and test, it is advantageous to make the magnetic 
assembly easily removable using a plug and socket arrangement 41 such as 
illustrated in Fig. 10. In the case of smaller magnetic assemblies, the use of 
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connectors on the base printed circuit board of the module and the printed circuit 
board in the magnetic assembly with some retention arrangement may provide a 
satisfactory mechanical fixing. In the case of larger magnetic structures, such 
connector arrangements may be augmented by conventional fasteners. 

5 

When the low-profile magnetic structure is mounted over the base printed circuit 
board, there are several options in relation to its placement relative to the 
components below. Close thermal coupling may be achieved between 
components located immediately below the magnetic material typically employed. 
10 with appropriate layers of shielding and/or electrical insulation (typically themnally 
conductive conformable or compressible material) as required. 

As an alternative, the magnetic element may be located flush with the base printed 
circuit board, or over low-height components, and the power semi-conductor 

15 elements may be mounted closer to the connectors filling the void that typically 
exists where the windings protrude beyond the core in most planar magnetic 
implementations. Opportunities for upward thermal transfer in this case can 
include use of the connectors and cabling in order to achieve material power 
dissipation, along with use of heat spreaders to achieve thermal coupling to the 

2 0 magnetic material. 

Measures can be taken as above to improve the face-to-face thermal conductivity 
of the magnetic material, including careful themfial management at interfaces, as 
outlined above. 

25 

Given an E64 core set in El configuration, and assuming the transmission is only 
through the ferrite (i.e. no transmission through the winding window), a face-to- 
face thermal resistance assuming a ferrite thermal conductivity of 4Wm-1K-1 is 
calculated as 3.7 K/W. This figure can be increased by greater thermal "filing" of 
30 the magnetic window and as magnetic matenals improve, but is a figure which 
may achieve a satisfactory cooling effect in the case of many circuit 
configurations. 

The invention provides a relatively simple way of improving the thermal 



•1.. Q O 'FO T'^m-s; . O 



wo 01/20955 PCT/IEOO/00106 



performance of such PCBs by ensuring that the high heat generating components 
are thermally linked to the high heat dissipating components, whether they be 
directly coupled by a heat conductive coupling material or simply placed very close 
to each other. In certain cases, there may even be contact. Additional heat 
5 conductive tracks, pads, thermal vias, etc. may all be used. The invention does 
not envisage limiting in any way the number of layers or tracks making up the 
PCB. 

Also. It will be appreciated that the provision, according to the prevent invention, of 
10 a separate magnetic surface mount PCB carrying plug-in legs for mounting on the 
base PCB is particularly advantageous. A multilayered circuit board is often used 
to provide planar magnetics which, if they need to be replaced, can only be 
replaced with difficulty. Both heat dissipating components and heat generating 
components will be connected and linked to more than one or other components. 
15 It will also be appreciated that it will be necessary to ensure that generating and 
dissipating components having different thermal attributes over the PCB operating 
range, are chosen such as to ensure that optimum heat management performance 
is achieved over the full PCB operating range. 

20 It will be appreciated that power converters manufactured in accordance with the 
invention will be particularly advantageous In use. 

In the specification the terms "comprise, comprises, comprised and comprising" or 
any variation thereof and the terms "include, includes, included and including" or 
2 5 any variation thereof are considered to be totally interchangeable and they should 
all be afforded the widest possible interpretation. 



The invention is not limited to the embodiments hereinbefore described but may 
be varied within the scope of the claims. 
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CLAIMS 

1 - A printed circuit board (PCB) assembly (1) of the type comprising a plurality of 
components (3, 4) having different thermal attributes, namely, of different 
5 relative heat generating and heat dissipating properties over the operating 

range of the PCB, characterised in that at least one high heat generating 
component (3) is thermally linked to a high heat dissipating component (4). 

2. A PCB (1) as claimed in claim 1, in which the components (3. 4) are 
10 thermally linked by a heat conductive coupling material (6). 

3 . A PCB (1) as claimed in claim 2, in which the heat conductive coupling 
material is in direct contact with one of the components. 

15 4 . A PCB (1) as claimed in claim 2 or 3, in which the heat conductive coupling 
material (6) is housed within at least one of the components, (3. 4). 

5 . A PCB (1) as claimed in any of claims 2 to 4, in which me heat conductive 

coupling material (6) forms tracks on the board (2). 

20 

6 . A PCB (1) as claimed in any of claims 2 to 5, in which the heat conductive 

coupling material (6) forms pads on the board (2). 

7 . A PCB (1) as claimed in any of claims 2 to 6. in which the heat conductive 
25 coupling material (6) forms thenmal vias (19) with one component (3) on 

one side of the board (2) and the other component (4) on the opposite 
side. 

8 . A PCB (1) as claimed in any of claims 2 to 7, in which the heat conductive 
30 coupling material (5) is a conformable thermally conductive material. 

9 ■ A PCB (1) as claimed in any preceding claim, in which the components (3, 
4) are in close physical proximity with minimal air gap between them. 
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A PCB (1) as claimed in any preceding claim, in which the heat generating 
component (3) is housed at least partially within the heat dissipating 
component (4). 



11 - A PCB (1) as claimed in any preceding claim, in which the heat dissipating 

component (4) is mounted above the heat generating component (3). 

12 . A PCB (1) as claimed in any preceding claim, in which the heat dissipating 

component (4) is a magnetic component. 

13 - A PCB (1) as claimed in claim 12. in which the magnetic component is a 

separate magnetic surface mount PCB (16) carrying plug-in interconnect 
legs (15) for mounting on the board (2). 

14 . A PCB (1) as claimed in claim 13. in which the surface mount PCB (16) is a 

multilayer circuit board. 

15. A PCB (1) as claimed in claim 13 or 14. in which the surface mount PCB 
(16) forms part of a power converter comprising power semi-conductors on 
the board (2) below the surface mount PCB (16). 

16- A PCB (1) as claimed in claim 15, in which a layer (18) of conformable 
thermally conductive material fills the space between the bottom of the 
surface mount PCB (16) and the power semi-conductors. 

17 . A PCB (1) as claimed in any preceding claim, in which the heat dissipating 

component (4) is thermally linked to more than one heat generating 
component (3). 

18 . A PCB (1) as claimed in any preceding claim, in which the heat generating 

component (3) is thermally linked to more than one heat dissipating 
component (4). 

19 . A PCB (1) as claimed in claim 17 or 18, in which when the heat generating 
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and dissipating components (3. 4) have different thermal attributes over the 
PCB (1) operating range, the choice of components (3, 4) for thermal 
linking is chosen to provide optimum heat transfer over the PCB (1) 

operating range. 

5 

20. A magnetic element for use with a PCB assembly (1) comprising a 
separate magnetic element surface mount PCB (16) carrying plug-In legs 
(5) for mounting on the board (2) of the PCB assembly (1). - 

0 21. A magnetic element as claimed in claim 20. in which the surface mount 
PCB (16) is a multilayer circuit board. 

22. A power converter comprising the magnetic element as claimed in claim 20 
or 21 and power semi-conductor elements on the PCB assembly (1). 

5 

23. A power converter as claimed in claim 22, in which the surface mount PCB 
(16) is arranged above the power semi-conductor elements. 



24. 

0 



A power converter as claimed in claim 23, in which a layer of conformable 
themnally conductive material (6) fills the space between the bottom of the 
surface mount PCB (16) and the power semi-conductors. 
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1 hereby claim the benefit under Title 35, United States Code, §119(e) of any United States provisional appUcafions(s) listed below 



(ApplicaHon Number) 



(Application Number) (Filing Date) 

All Foreign ApplicatioiK, if any, for any Patent or Inventor's Certificate FUed More than 12 Months (6 Months for Designs) Prior t< 
the Filing Date of This Application: 



Application Number 



Date of Filing (Month/Day /Year) 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States and/or PCT application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States and/or PCT 
applicaHon in the maimer |)rovided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge the duty to disclose 
information which is material to the patentability as defined in Title 37, Code of Federal Regulations, §1.56 v^ch became available 
between the filing date of the prior application and the national or PCT international filing date of this application. 



(Application Number) 



(Status - patented, pending, abandoned) 



(Status - patented, pending, abandoned) 



Attorney uocKet i\o. 

I hereby appoint the following attorneys to prosecute, this application and/or an international application based on this 
application and to transact all business in Qie Patent and Trademark Office connected therewith and in connection with the 
resulting patent based on instructions received from the entity who first sent the application papers to the attorneys identified 
below, unless the inventor(s) or assignee provides said attorneys with a written notice to the contrary: 



Raymond C. Stewart 
Joseph A. Kolasch 
Bernard L. Sweeney 
Charles Gorenstein 
Leonard R. Svensson 
Andrew D. Meikle 
Joe McKinney Muncy 
John W.Bailey 
Gcury D. Yacura 
Mark J. NueU 



(Reg. No. 21,066) 
(Reg. No. 22,463) 
(Reg. No. 24,448) " 
(Reg. No. 29,271) 
(Reg. No. 30,330) 
(Reg. No. 32,868) 
(Reg. No. 32,334) 
(Reg. No. 32,881) 
(Reg. No. 35,416) 
(Reg. No. 36,623) 



TerreU C. Birch 
James M. Slattery 
Michael K. Mutter 
Gerald M. Murphy, Jr. 
Terry L. Clark 
Marc S. Weiner 
Donald J. Daley 
John A. Castellano 
Thomas S. Auchterlonie 



(Reg. No. 19^82) 
(Reg. No. 28,380) 
(Reg. No. 29,680) 
(Reg. No. 28,977) 
(Reg. No. 32,644) 
(Reg. No. 32,181) 
(Reg. No. 34,313) 
(Reg. No. 35,094) 
(Reg. No. 37,275 



Send Correspondence to: 

BIRCH, STEWART, KOLASCH & BIRCH, LLP or Customer No. 2292 

P.O. Box 747 • FaUs Church, Virginia 22040-0747 " 

Telephone: (703) 205-8000 • Facsimile: (703) 205-8050 



1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon. 



GIVEN NAME/FAMILY NAME 

.Georgfijtoung ,_ 


INV 


:NT0R'S SIGNATURE 


DATE* 


Residence (City, State & Country) 

Ireland I 


I < (1 ( 


/CITIZENSHIP 
Irish 


MAILING ADDRESS (Complete Street Address including City, State & Country) 
1 1 Woodlands Park, Blackrock, County. Dublin,_lTeland _2ZI-^5'>^ 


GIVEN NAME/FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City, State & Country) 


cmzENsmp 


MAILING ADDRESS (Complete Street Address including City, State & Country) 


GIVEN NAME/FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City, State & Country) 


CITIZENSHIP 


MAILING ADDRESS (Complete Street Address including City, State & Country) 


GIVEN NAME /FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City, State & Country) 


CITIZENSHIP 


MAIUNG ADDRESS (Complete Street Address including City, State & Country) 



♦DATE OF SIGNATURE 



